Unraveling of human genome sequences had enabled the discovery of new drugs, studies of their effects, and determination of their main targets. Integrated genomics, proteomics, and bioinformatics have led to powerful new strategies for solving many biochemical issues and developing new techniques which give new biomedical products. Among the applications were analyses of DNA and genome annotation, predicting target structure, and understanding the genetics of disease. As a result, a new trend in research had evolved to illustrate the mechanism of drug action, predict of drug resistance, and discover biomarkers for many diseases. The discovery of new drugs is complex process. Drug design is based on 2 main strategies: ligand-based drug design and structure-based drug design. Studying protein structure and function was the key to develop drug in which modern techniques were used based on combinatorial approaches like proteomics, genomics, bioinformatics, molecular docking and mass spectrometry. To successfully design a new drug, it is important to identify the cell or tissue targeted by this drug. No absolute confirmation that the suspected drug will be effective in vivo. In this review, an overview on the combinatorial approaches of proteomics, genomics and bioinformatics that help understanding the process of drug design is discussed.
Introduction
Drug design is the development of new medications that interact with biological targets. The word "drug" is derived from the primitive German word "dreug" which means "to dry". This word was used to describe the process of preparing medicinal products from herbs in dried powder form [1] . Most drugs are organic small molecules that can alter the function of a specific gene, protein, or receptor, which in turn affects their biochemical functions. In the past two decades, the science of designing drugs that are complementary in structure to or bind with their target has greatly advanced [2, 3] . There are many limitations to successful drug discovery such as thermostability, metabolic half-life, side effects, and immunological reactions. Some of these factors are difficult to predict using rational drug design techniques [4] and many studies must be conducted in vitro, using cell lines, and in experimental animals before drugs are approved for human use [5] . Determining the genomes of many living organisms has advanced proteomics techniques and bioinformatics, facilitating drug design. Genomics is the study of the structure and function of the genetic information in an organism. The genome is the complete collection of genetic information of a living organism and can be passed from parents to their offspring. Proteomics is essentially concerned with studying protein structure, function, localization, and targeting. Most genomics studies initially examine genes and the translation to protein, whereas proteomics studies characterize functionally modified proteins. The development of bioinformatics tools has enabled researchers to design, compare, and predict the structure and function of genes. Bioinformatics tools are also used to analyze proteins and predict their 3D structures based on known model proteins [6, 7] and study the binding of ligands or drugs to specific binding sites [8] .
The process of drug design and approval of new drugs for human use is complicated and requires combined knowledge from many fields. This leads to the production of novel biomedical products, understanding of biochemical pathways, and development of new methods for resolving medical conditions. The aim of this review was to provide insights into the role and recent advances of three important biotechnology research fields in drug design and discovery, including the relationship between genomics, proteomics, and bioinformatics and identification of drug targets and their applications in drug design, followed by a discussion of drug discovery.
Drug Design and Discovery
Drug discovery is a multi-process that involves genomics, proteomics, and bioinformatics studies, which lead to the discovery of a new drug entity with a novel mechanism of action. Proper drug design is a crucial step in the process of drug discovery, requiring great effort and up to 9 years research involving different disciplines and advanced lab techniques, as well as numerous clinical investigations.
Most drugs target proteins or enzymes by binding to a specific site in the active form of the protein to affect its function. Data obtained from genome analysis and transcription studies of specific genes are not sufficient to ensure high active protein yield. The expression "one gene, one protein" is not accurate, as it has been confirmed that the average number of protein isoforms per gene is one or two in bacteria, three in yeast, and three or more in humans because of the formation of protein isoforms produced by different forms of posttranslational modifications (phosphorylation, glycosylation, nitrosation, ethylation, and methylation) [20] . Bioinformatics analysis may reveal potential posttranslational modifications in certain proteins. Epigenetic factors may also affect protein expression and modifications. Thus, the human body may contain >500,000 modified proteins. Ligand binding sites can also be predicted using bioinformatics tools, starting from predicted amino acid residues of each protein.
Proteomics studies have broadened the perspective of protein research to examine the consequences of protein function in establishing the phenotype and interaction of a drug with its target. These studies have also revealed the pathophysiological basis of disease, validation of drug targets, action, toxicity, and side effects [20] .
Identification of Target Structure
A drug target is a biomolecule involved in a specific metabolic pathway or modified in a specific disease and be targeted by successful drug [21] . The drug can be a small molecule designed to increase or decrease target function in a specific manner and hence modify certain biochemical pathways in the diseased organism. The target can be a receptor, protein, enzyme, or nucleic acid [22] . Many types of drugs may act as receptor antagonists, modulators, activators, or inhibitors of some enzymes or even effectors of membrane channels by opening or blocking the passage of important ions [23] . Some drugs are designed to be complementary to the target's binding site, while others block the target [24] .
Genomics and proteomics research tools are employed to localize targets [25] . These methods are used to study the differences in protein expression in different tissues to distinguish between normal and diseased persons and enable the identification of specific biomarkers [26] . The study of proteins may involve a cell, tissue, or entire organism [27] and be conducted in situ, in vitro, or in vivo. In situ protein labeling with fluorescent dyes is a well-established technique for comparative proteomics. In vitro analysis is also useful and employs classical and modern techniques in protein analysis such as electrophoretic separation, isoelectric focusing, molecular weight determination, western blot analysis, two-dimensional gel electrophoresis, and mass spectrometry [20, 28, 29] .
The evolution of drug design depends on many factors including identification of the increasing number of new drug targets (gene, protein, or receptor), accumulated data obtained from X-ray crystallographic studies revealing the three-dimensional structures of thousands of proteins (PDB database), advances in computing power of bioinformatics, and availability of tools for predicting protein-drug interactions [9] .
Types of drug design
Two major strategies were used for drug design: ligand-based and structure-based techniques.
• Ligand-based drug design relies on knowledge of a known chemical (typically a drug, inhibitor, or cofactor) that binds to the target of interest and uses this compound as a model for drug to examine its binding to a known target [10] .
• Structure-based drug design depends on the X-ray crystallographic structure of a known protein target or homology model of an unstudied protein compared to a known structure [7, 11] . This type is divided into three methods [12] :
» » Identification of a drug that fits into the binding pocket of a given receptor by searching large databases of 3D structures using fast approximate docking programs.
» » De novo building up or design of new ligands within the constraints of the binding pocket. This can be conducted by assembling small pieces of chemical structure (atoms or molecular fragments) in a stepwise manner.
» » Evaluating the binding of the studied drug to the binding cavity using a well-studied drug as a reference.
Relations of Genomics, Proteimics and Bioinformatics to Drug Design
The genome of bacteriophage lambda was the first genome sequenced, which opened a new era of research to obtain information related to open reading frames (sequences that are translated into protein). Subsequently, the genomes of many organisms were determined from microbial, viral, organelle and human sources (genome list https://www.ncbi.nlm.nih.gov/genome/browse/#!/ overview/) [13] . Drugs are designed to bind a gene or protein. Thus, identifying the molecule targeted by a drug is important. After cloning and sequencing the gene of interest and predicting the corresponding amino acids, the sequence is compared using the Basic Local Alignment Search Tool (BLAST) and the relevant functional motifs of the known protein can be identified [14, 15] .
A thorough understanding of the structure and chemical properties of amino acid residues in protein targets or active groups is needed for predicting correct drug/target interactions. This process is facilitated by many bioinformatics programs that use "molecular dynamics, molecular mechanics" and other computational methods to calculate ligand-binding affinity and estimate intermolecular interactions between the designed drug and its target. These methods can predict the shape of a drug and any conformational changes in the targeted protein upon drug binding. Computerized semi-empirical methods, quantum chemistry methods, or density functional theory are often used to estimate the electrostatic potential, polarizability, hydrophobicity, ionic and non-ionic interactions, thermal stability, and other factors that may influence the aggregation of subunits and binding affinity between the ligand candidate and its target [16] [17] [18] .
Correct design and effective use of computational methods will save enormous time and cost compared to the use of traditional methods 
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Discovery of drug targets
Many genome projects have mapped the DNA of human and other organisms. Advances in the field of proteomics and bioinformatics have revealed an ever-increasing number of proteins as potential drug targets. Using bioinformatics, a similar or closely related target and their binding sites in an unknown protein can be identified by sequence homology studies using a known protein structure. These unidentified targets are known as orphan receptors. The first step in drug discovery is identifying disease-associated targets. Most disease cases are associated with alterations in gene and/or protein expression and posttranslational modifications.
Once a drug target has been identified, its corresponding gene is cloned and expressed, and the expressed protein is purified to homogeneity for further analysis. In addition, the three-dimensional structure of the target may be determined.
Target specificity is a crucial factor in drug design and discovery, and can differ between different species and within tissues of the same species. The specificity of penicillin as an antibacterial agent is a good example of this effect in different species, as penicillin targets the enzyme necessary for bacterial cell wall synthesis, which is lacking in mammals. Tissue-specific drug targeting is another example; drugs targeting a specific receptor in an organ or tissue in the same species are identified. For example, the discovery of drugs targeting β2 adrenergic receptors in the lung but not β1 adrenergic receptors in the heart is challenging. This drug would enable treatment of the lung with minimal side effects in the heart and vice versa [22] .
Biochemical identification and characterization of the drug target
Target identification and studies of drug-target interactions are multi-step processes that depend on modern proteomics techniques including purification, expression, flow cytometry, microarray, biochemical analysis, immunological techniques, X-ray crystallography, NMR, and MALDI-TOF. Techniques for testing a drug, target, or both should be simple, rapid, accurate, and relevant, particularly when evaluating large numbers of samples.
Production and purification of recombinant protein: Previously, a long time was required to isolate and purify sufficient quantities of target proteins for analysis. However, recent advances in molecular biology techniques have enabled researchers to produce large quantities of protein in a few hours through genetic engineering by incorporating the gene corresponding to the protein of interest into a fast-growing host under a powerful promoter. First, a pair of primers is designed by bioinformatics programs to amplify the gene corresponding to the protein via polymerase chain reaction. The amplified gene is sequenced, and the sequence is compared to those in a database using various bioinformatics tools. The gene is cloned into an expression vector using restriction enzymes under the control of a powerful promotor in a suitable host for producing sufficient quantities of recombinant protein. The recombinant protein can be purified easily by affinity chromatography using different affinity matrices [30, 31] . For example, HIV protease is expressed and purified in Escherichia coli [32] .
Profiling gene expression of protein target: Examining gene or protein expression profiles in disease and drug treatment using genomics and proteomics techniques offers a basis for detecting drug targets. In the past few years, researchers have identified protein targets for many diseases using genomic and proteomic approaches [33] .
Microarrays or DNA chips are powerful tools for genome analysis. The genomes of hundreds of organisms are being sequenced, and the genomes of approximately 30 model organisms have been revealed. These genomic data are helpful for functional predictions of specific genes, particularly for studying the biological effect and potency of a designed drug targeting such genes. Data obtained can be used to screen race-specific genes, virulence genes, and conserved genes of pathogenic organisms, specific bacterial or viral enzyme genes, and bacterial membrane-translocation proteins [34] . Gene microarray can be used to evaluate the expression levels of certain genes in different patients or different tissues of the same patient and analyze gene function and regulation during differentiation periods and pathological change conditions [35] .
Specific binding of cDNA or oligonucleotide sequences of interest with extracted nucleic acid (labeled with fluorescent dye) enables researchers to profile the gene expression patterns of tens of thousands of genes in a single experiment. The labeled isolated RNA binds quantitatively to its complementary sequences and the difference in fluorescence intensities between the test samples and control reflects the level of expression of the gene, which can be measured with a laser scanner [13] .
Gene expression levels can be estimated by RT-PCR, in which a gene of interest in cDNA or RNA is amplified by PCR using specific primers and expression is monitored by the fluorescence emitted from Sybr Green dye. Expression of the test sample is compared with that of a steadily expressed gene known as a housekeeping gene. RT-PCR can be used to analyze the expression of many genes in a quantitative manner during treatment or in different tissues of the same organism [13, 36] .
Two-dimensional electrophoresis (2DE):
2DE separates a mixture of proteins from different sources based on their isoelectric points and molecular weights. Using this technique, we can analyze proteomes of cell, tissue, and serum, and detect posttranslational modifications after gene expression, such as phosphorylation, glycosylation, hydroxylation, etc. [13] .
MALDI-TOF and mass spectrometry (MS): Matrix-Assisted Laser
Desorption/Ionization-Time of Flight (MALDI-TOF) is a modern technique that revolutionized research in the fields of peptides, proteins, nucleic acids, glyco-conjugates, and synthetic polymers.
In MALDI-TOF, expressed proteins are differentially digested with a protease to produce peptides and then these peptides are ionized at high sensitivity by a laser coupled and the ion mass to charge ratio is detected with a mass analyzer. The resulting peptides can be further characterized by tandem mass spectrometry (MS/MS) with a second MS analyzer that produces an MS/MS spectrum representing a series of ion fragments of the specific peptide. This technique is informative because it provides information about both peptide masses and the amino acid sequence [13] .
Assay of drug-target interactions
Studies of drug-target interactions can be conducted in vitro or in vivo.
In vitro assay of drug-target interactions:
In vitro assays are required to generate preliminary results which can be used to gain ethical approval for in vivo studies. In vitro studies are conducted using isolated and purified proteins, enzymes, cells, or tissues. These processes are advantageous because they are inexpensive, simple, noncontroversial, and can be automated.
A target protein binding site can be tested by adding a specific drug that may be a substrate, cofactor, or inhibitor [37] ; for enzymes, we can predict if this ligand binds to the substrate binding site to result in competitive inhibition, another site in the enzyme's backbone to result in non-competitive inhibition, or substrate resulting in uncompetitive inhibition.
In vivo assay of drug-target interactions:
In vivo assays represent the next step. First, the drug is tested for its biological effect, toxicity, immunological reactions, etc., in experimental animals before being tested in human volunteers. One of the main limitations of this method is the genetic differences between experimental animals and humans in their responses to certain drugs. Scientists have overcome this problem by generating a series of transgenic animal models in which their genetic material is altered, and certain genes are replaced with human genes to produce the desired human target to be studied. Alternatively, mouse genes can be mutated to become susceptible to certain diseases. The most commonly used models are carcinogenic rats [22] .
Identification of the binding site in the target molecule by NMR:
After purification and characterization of the target, the next step is to identify the key residues in the binding site that determine the space and chemical environment around it. The binding site can be identified by X-ray crystallography [37] or NMR [22] as a concave pocket on the surface of a protein target that accommodates drug molecules through hydrophobic interactions, hydrogen bonding, among others, to drive drug binding [38, 39] .
NMR can be used to detect whether a drug binds to its protein target by exposing it to radiation waves. This energy excites the nuclei of specific atoms such as hydrogen, carbon, or nitrogen. The relaxation time needed for each atom to release the excess energy to return to the ground state depends on the type of atom and environment and space around it, providing information about the structure of the ligand and how it binds to the target [22] . Many computational methods are used to determine the various components of ligands and target proteins. These methods predict the changes in polar and non-polar areas upon ligand binding and estimate the desolvation energy, number of rotatable bonds, configurational or strain energy, and number of hydrogen bonds formed [40] .
Drug Design by Molecular Docking
Once the crystal structure of the target protein is known, molecular modeling software can be used to identify, predict, and design a ligand and study its binding to the target. Protein-ligand docking is a computer-based technique used to predict the position and orientation of a ligand in its binding site in the protein target. Moreover, by measuring the distance between different atoms in the binding site and ligand, it became simple to in silico predict the binding interaction and make changes in the design of the drug to improve binding.
Molecular docking is a sequence series of computer modeling trials
An example of molecular docking is shown for Acetyl Choline Esterase (AChE) as described by De Vita, et al. [41] :
-Downloading a crystal structure of a known AChE complexed with a natural ligand (such as donepezil) from the PDB website.
-Preparation of the PDB file for docking using the Dock Prep tool (UCSF Chimera 1.10.1) by adding hydrogen atoms, removing water molecules, and assigning partial charges (using the AMBER99 force field).
-Making the necessary docking calculations using Swiss Dock, which is freely available on the Swiss Institute of Bioinformatics Website (EADock DSS software) [42, 43] .
-Run docking (s) using the "Accurate" parameters option.
-Rank the Output Clusters after each run according to the Full Fitness (FF) scoring function (Swiss Dock algorithm). A cluster value of 0 means that the best FF score has been reached, while a greater negative FF score means that a more favorable binding mode with a better fit has been reached. Visualized data of the Swiss Dock by UCSF Chimera package.
-Repeat the docking experiment with a natural ligand (donepezil) to evaluate the ability of the software to correctly recognize the AChE-binding site.
However, not all targets can be crystalized after binding to the drug to study their active sites by X-ray or NMR. Hence, molecular modeling can be used to predict such interactions [44] . Further chemical experiments are needed to ensure the expected binding and biological activity of such drugs [22] .
Properties of chemical groups in ligand are essential for good design
Recognizing certain functional groups is essential for properly understanding the mechanism of drug-target interactions. Not all functional groups participate in binding; for example, an alkyl group in a ligand can either bind to the target, help place the drug in the correct orientation in the protein's binding pocket, or protect the drug during its journey through the body.
It is known that the chemical structure of the drug is complementary to the binding region in the target. Thus, previous knowledge of the structure of the target or ligand using certain software tools and data from specialized databases can help predict the structure of the binding site of the target or ligand and modify the structure to alter their characteristics. For example, replacing a specific chemical group of a drug with another group may improve both the biological activity of the drug and its binding to the target, as well as reveal chemical nature of the binding site [22] .
-Drugs containing alcohol or phenol, i.e. those with an -OH group, are typically involved in forming hydrogen bonds with a binding site containing -OH, -NH, and SH, on serine, glutamine, and cysteine, respectively.
-Drugs containing an aromatic ring or alkanes are typically involved in binding to tryptophan or phenyl alanine via hydrophobic interactions or van der Waal forces in the binding site.
-Drugs containing ketones and aldehydes form hydrogen bonds through a carbonyl group, which can act as a hydrogen acceptor from a hydrogen donor in the target binding site.
-Drugs containing an amine can act as both a hydrogen donor and acceptor depending the protonation state. Amines can form also strong ionic bonds with the carboxylate group of aspartate or glutamate.
-Drugs containing amide groups or in the form of amino acid derivatives bind to the target through hydrogen bonding.
-Drugs with a quaternary ammonium salt interact via ionic bonding with the carboxylate group of aspartic acid and glutamic acid. -Heterocyclic drugs contain one or more heteroatoms such as oxygen, nitrogen, or sulfur. Such compounds can interact with their targets through a variety of bonding forces such as van der Waal forces, hydrophobic interactions, and hydrogen and ionic bonding.
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Modification of drug structure
Various chemical groups can be added to a drug structure to modify its biological or physical activity.
Optimization of the chemical structure of the drug to improve activity: Using molecular docking and bioinformatics programs, the structure of a well-known drug can be modified to overcome various limitations such as low activity, poor selectivity, side effects, or even difficulty in the synthesis of such compounds. Identifying drug analogs with improved properties depends on optimizing its interaction with the binding site in the target molecule. Many different strategies can be used, as follows:
• Variation in substituent's. This approach includes alkyl and aromatic group substitution. An example of alkyl substitution is replacing the methyl group in adrenaline with isopropyl to give isoprenaline. An example of aromatic substitution is a sulfonamide substituent at position 7 in the benzopyran structure, which increases antiarrhythmic drug activity.
• Extension of the structure. There are many methods for changing the length of a side chain to modify drug activity.
Optimization of drug for better physical properties: Variation in the structure of a drug may affect its access to the target by affecting its solubility, stability, and toxicity. The drug absorption can be improved by changing alkyl, acyl, N-acetyl group, etc. to vary polarity. Drug stability and resistance to chemical and enzymatic degradation and decreasing its metabolism can be modified by introducing an ester group. Also the drug targeting to certain tissues such as by targeting tumor cells via a monoclonal antibody and targeting gastrointestinal tract infections can be optimized by fully ionized drug; e.g. sulfonamides. Finally, drug toxicity can be reduced by improving membrane permeability [22] .
Conclusion
The unraveling of human genome sequence enabled many applications and ideas to discover new drugs, study their effect and determine their main target. Using bioinformatics and the knowledge in the fields of genomics and proteomics have led to build new powerful strategies to design new drugs. The accumulated knowledge in these fields helps in DNA and genome annotation, predicting protein structure, and understanding the genetics of disease. As a result, a new trend in pharmaceutical research has evolved to illustrate the mechanism of drug action, prediction of drug resistance, and discovery of biomarkers for many diseases.
